Purpose. To determine the impact on sonographers of converting an ultrasound facility from one that uses film to one that uses a picture archiving and communication system (PACS). Method. This study was conducted in two parts, part 1 to assess sonographer acceptance of PACS and part 2 to measure how much time was spent dealing with film before and after PACS installation. Results. PACS was well received by the sonographers prior to turning off film, and even better received after cessation of printing film. Significant time savings were gained. Four weeks after conversion, the results of the questionnaire were similar to that after cessation of film printing, indicating that the gains as a result of PACS were realized immediately at the time film printing was stopped. Conclusion. Transition to a filmless PACS was well received by sonographers and improved department efficiency. Significant time savings are realized once film printing stopped.
PACS. Now all images had to be reviewed and interpreted via the workstations. Now the sonographer no longer had to sort films at the processor nor make up patient folders and place the films in the appropriate folders.
Studies have been published evaluating physician acceptance of PACS, cost savings, and image quality and management improvements with PACS, 1-5 but no study has addressed the impact on technologists or sonographers with respect to the acceptance of PACS and the time savings associated with it. This study describes the impact on sonographers of the final key step in the implementation of PACS of stopping the printing of film. It was very important in the overall assessment of the PACS project to document the impact on ultrasound personnel and the ultrasound department. Both questionnaires and time studies were included in the evaluation.
Method
From December 1999 through February 2000, the Brigham and Women's Hospital ultrasound department evaluated the impact of converting from a PACS system with film backup to PACS without film production. The ultrasound facility is within a large, busy, academic hospital, serving both inpatients and outpatients. There are ten imaging rooms and one portable unit, with machines from multiple vendors. There is one physician reading room centrally located; it houses six workstations along with eight viewboxes capable of holding 16 8-by-10-inch films.
This study was conducted in two parts. Part 1 was designed to assess the acceptance of PACS and the perceived impact of PACS on workflow, via questionnaires distributed to all sonographers in the ultrasound facility three times: (1) before the film was turned off, (2) immediately after turning off film, and (3) four weeks after cessation of printing film.
In December 1999, before film was turned off, the first questionnaire was distributed to all the sonographers in the ultrasound facility. This set of questions was designed to assess the implementation of PACS prior to turning off film (Appendix A). In January 2000, film was turned off, and the second questionnaire was distributed (Appendix B). One month after turning off film, the same questionnaire that had been distributed immediately after turning off film was distributed again. The questions required quantitative answers about number of patients scanned, time for various tasks, and workflow issues. The questionnaires were distributed in such a way that all 11 of the registered or registry-eligible sonographers were included and no sonographer was polled twice within the same questioning period. Once the questionnaire process was complete, a tally of the results and a comparison between the three time periods were made.
Part 2 of the study was a time study to assess the impact of turning off film. This portion of the study was designed to generate quantitative data regarding time savings due to stopping the printing of film and only using PACS workstations for review. We measured for different types of ultrasound examinations how much time was spent dealing with film and patient folders prior to the full implementation of PACS and again after implementation once printing film had stopped. The collection of these data was obtained over a three-day period, during which one of the authors (Smith) used a stopwatch and shadowed the sonographers within the facility. Once the time trials were complete, the difference in time spent making folders and retrieving film before film printing was stopped was compared with time spent with paperwork after full implementation of PACS, when film retrieval and permanent folders were no longer part of the department protocol.
Results
The results from the first questionnaire, taken prior to turning off film, show that PACS was well received by the sonographers (Tables 1 and 2 and Fig. 1 ). Questions 1 and 4 demonstrate that there was little time savings with the implementation of PACS while film was still being printed. Questions 2 and 3 show improved efficiency during presentation of the examination to the radiologist and improved efficiency when comparing the current study to prior examinations. Question 5 shows a strong sentiment that there was a significant space reduction within the department. Questions 6 through 9 reveal that problems with the PACS system had been few, and most sonographers were neutral about the transition. Questions 10, 11, and 12 show that, overall, PACS was well accepted and a needed change in the department.
The results from the second questionnaire given immediately after the cessation of printing film show that the acceptance of PACS had increased and the few problems that were noted when the first questionnaire was handed out were nearly resolved (Tables 1 and 2 ). Lack of working space continued to be a problem. This questionnaire also shows there was significant time savings in presenting cases, comparing cases to prior studies, and putting a case together at completion. Of those surveyed, 100% answered that PACS was a needed change within the department.
The results from the second questionnaire given again four weeks after conversion were virtually identical to the results of the questionnaire taken just after cessation of printing film (Tables 1 and 2 , Fig. 1 ). This indicates that the efficiencies gained from PACS without printing of film were realized immediately, at the time film printing stopped. No transition period was required to develop new efficiencies. This immediate improvement in workflow is the likely explanation for the strongly positive answers to questions 10, 11, and 12 regarding acceptance of PACS and why PACS was perceived as a necessary change for the department by 100% of respondents. Prior to turning off film, the amount of time sonographers spent handling film varied with the type of examination (Table 3 ). Times ranged from 0.0 seconds to 213.0 seconds. Average time per examination ranged from 0.0 seconds for prostate, ovarian, and neonatal head studies to 67.2 seconds for obstetrical scans. Overall mean time was 49.9 seconds. After turning off film, time spent by sonographers handling film dropped significantly, with an overall mean time of 16.7 seconds ( Table 3 , Fig. 2 ). The range of time spent was similar at 0.0 to 223.0 seconds. Virtually all examinations now have a time of zero being spent with film, with obstetrical and neonatal heads as the exception. For obstetrical examinations, film is still being printed for the patient to take an image of her baby home. With neonatal heads, films still need to be printed and hung for the neonatologists to use in conference.
Discussion
PACS is the method of acquiring and storing radiology images in digital format. Images can be viewed on computer workstations and archived digitally under the patient's medical record number and examination number. In general, PACS systems are well received by both physicians and technologists because they provide excellent image management and improved efficiencies, leading to time and cost savings. 3, 4 Compared to film, PACS offers more flexible image display, better reliability of image capture and retrieve, and rapid availability of images, even while studies are still in progress. [3] [4] [5] Cost savings associated with capital equipment, yearly maintenance FIG. 1. Histogram of questionnaire results. Series 1 corresponds to mean responses for the first questionnaire taken before film printing was stopped, Series 2 the second questionnaire distributed immediately after film printing was stopped, and Series 3 the questionnaire distributed four weeks after film printing was stopped. and storage, and elimination of film processing can amount to more than $606,000 annually. 2 With PACS, the interpreting physician no longer needs to be on site to read the images but instead can be located a significant distance from the actual location of the examination, allowing for the routing of examinations from several sites to a central reading room to increase patient throughput. 1 When PACS systems are introduced in radiology departments, many areas of radiology continue to print x-rays in film in addition to soft-copy storage. Eventually, PACS becomes an acceptable means of interpreting and archiving radiology studies and the process of printing film is stopped once a solution for viewing the images is implemented for referring physicians. When PACS replaces conventional film for documenting and interpreting ultrasound examinations, new workflow patterns develop along with new archiving and medical record storage. Prior studies no longer need to be brought from the film library, because the images are available with a simple click of a button. New cases need not be labeled and filed in film jackets in the film library.
Our study reports the experience of installation of PACS in a busy, academic, ultrasound facility. Following installation in October 1999, the facility continued to print film, although images were now available on the workstation. The films needed to be sorted and placed in the appropriated patient folders. The folders then needed to be labeled and tracked from the ultrasound department to the film library. In January 2000, this busy ultrasound facility stopped printing film.
Our study shows that the transition to a filmless PACS was extremely well received by sonographers and made the department more efficient. Although many sonographers did not see the transition to PACS as a necessary step forward for the department, after installation, virtually all sonographers saw the implementation of PACS as an improvement over film. The significant time savings and improved efficiencies that were gained as a result of PACS were realized immediately upon cessation of the printing of film, as demonstrated by the fact that the results of the survey taken immediately upon cessation of printing of film were virtually identical to the results four weeks later. There was no delay or learning curve to recognize or adjust to these improvements.
In summary, a filmless PACS system in a busy ultrasound facility is well received by sonographers and offers time savings and improved efficiencies realized by all personnel.
Appendix A Questionnaire Before Turning Off Film
This survey is designed to measure the acceptance of PACS into the department. Please choose the answer that best correlates with your feelings toward the question. 
Appendix B Questionnaire Two Weeks and Four Weeks After Turning Off Film
